





抄録　一酸化窒素（nitric oxide : NO）は，L- アルギニンを基質として，一酸化窒素合成酵素
（nitric oxide synthase : NOS）により産生される．NOS には３種類のアイソフォーム（NOS1，
NOS2，NOS3）が存在する．気管支喘息患者では，健常人と比べ呼気中 NO 濃度が上昇しており，
気管支喘息の病態には NOS2が関与している可能性が動物モデルで示されている．また，アレル




BALB/c 系雄性マウスに Cry j 1とアジュバンドの混濁液を day 0（初回免疫日），day 3および
day7の３回，腹腔内投与した（１次免疫）．さらに，day13から day26まで連日，Cry j 1を鼻腔内
投与した（２次免疫）．コントロール群のマウスには１次免疫も２次免疫も実施しなかった．免疫
































れている３）．NO は L- アルギニンを基質とし
て NO 合成酵素（Nitric Oxide Synthase：NOS）
の働きにより合成され，同時に L- シトルリン

































































スギ花粉 Cry j 1特異的 IgE 抗体の測定
　イムノプレートに phosphate buffered saline





会社）含有 PBS で４℃ 一晩ブロックした．0.1％
BSA-PBS で希釈した血清と Cry j 1 標準溶液を
加え25℃ ２時間静置した．PBS-Tween で洗浄
後，0.1％ BSA-PBS で希釈した0.25 μg/mL の

























ン し た． 以 後，ENVISION/HRP kit（DAKO）
を用いてデキストランポリマー法で染色した．
対比染色はヘマトキシリンにて行った．
　 一 次 抗 体 に は，NOS1（nNOS，Millipore 
Corp.），NOS2（iNOS，和光純薬工業株式会社），









使用した．サンプルに ISOGEN 0.6 mL を添加













合成には TaqMan Reverse Transcription Reagents
（Applied Biosystems）を使用した．total-RNA 
20 μL，10× TaqMan RT Buffer 4 μL，MgCl2 4.4 
μL，dNTP mix 4 μL，Random Hexamers 1 μL，
RNase inhibitor 0.4 μL，逆転写酵素 0.5μL，
DEPC 処理水5.7 μL を混合し，25℃ 10分間，
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48℃ 30分間，95℃ ５分間の条件で反応させた．
マウス鼻粘膜の Real-time PCR 解析
　SYBR Green による Real-time PCR 法を用い
た． プ ラ イ マ ー は GenBank の nucleotides か
らダウンロードした mRNA sequence に基づき
Primer Express で設計し，blast を用いてプラ
イマーの相同性について確認した．PCR は，
Real-time PCR 機 器 で あ る ABI PRISM 7700
（Applied Biosystems）により，反応検出試薬
Power SYBR Green PCR Master Mix（Applied 
Biosystems）を指定の方法で用いて行った（DNA
含有試料0.5 μL，primer 溶液1 μL，反応溶液





























Cry j 1 特異的 IgE 抗体濃度（b）（n=10）
精製スギ花粉抗原の誘発により，感作前と比べ血清総


















　NO は L-アルギニンを基質として NOS の
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本論文の要旨は2008 American Academy of Otolaryngology 
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Localization of nitric oxide synthase in nasal mucosa of mice with induced 
allergic rhinitis
Shigetoshi YODA
Department of Otolaryngology, Kawasaki Medical School, 577 Matsushima, Kurashiki, 701-0192, Japan
ABSTRACT  Nitric oxide（NO）is generated from L-arginine by nitric oxide synthase
（NOS）, which is classified into neural NOS（NOS1）, inducible NOS（NOS2）and endothelial 
NOS（NOS3）. In patients with asthma, NO levels in exhaled air are high during immediate 
asthmatic responses. Several studies have reported expression of NOS2 within the epithelial 
cells of the trachea in asthmic patients and asthmic model animals. In patients with allergic 
rhinitis, NO levels in nasal air are high. NOS2 has been reported to increase in allergic rhinitis 
compared with controls. However, localization of NOS in the nasal mucosa of allergic rhinitis 
has not been examined. This reseach clarified the expression and localization of NOS（NOS1, 
: 233-41, 2001
33） Wittekindt C, Hess A, Bloch W, Sultanie S, Michel 
O : Immunohistochemical expression of VEGF and 
VEGF receptors in nasal polyps as compared to normal 
turbinate mucosa.  Eur Arch Otorhinolaryngol 259 : 294-
298, 2002
34） Ohno I, Nitta Y, Yamauchi K, Hoshi H, Honma M, 
Woolley K, O'Byrne P, Dolovich J, Jordana M, Tamura 
G, et al. : Eosinophils as a potential source of platelet-
derived growth factor B-chain （PDGF-B）in nasal 
polyposis and bronchial asthma.  Am J Respir Cell Mol 
Biol 13 : 639-647, 1995
35） Namba T, Koike H, Murakami K, Aoki M, Makino H, 
Hashiya N, Ogihara T, Kaneda Y, Kohno M, Morishita 
R : Angiogenesis induced by endothelial nitric oxide 
synthase gene through vascular endothelial growth factor 
expression in a rat hindlimb ischemia model.  Circulation 
108 : 2250-2257, 2003
36） Jatakanon A, Lim S, Kharitonov SA, Chung KF, Barnes 
PJ : Correlation between exhaled nitric oxide, sputum 
eosinophils, and methacholine responsiveness in patients 
with mild asthma.  Thorax 53 : 91-95, 1998
37） Berry MA, Shaw DE, Green RH, Brightling CE, 
Wardlaw AJ, Pavord ID : The use of exhaled nitric 
oxide concentration to identify eosinophilic airway 
inflammation : an observational study in adults with 
asthma.  Clin Exp Allergy 35 : 1175-1179, 2005
38） Kharitonov SA, Barnes PJ : Exhaled markers of 
pulmonary disease.  Am J Respir Crit Care Med 163 : 
1693-1722, 2001
39） Smith AD, Cowan JO, Filsell S, McLachlan C, Monti-
Sheehan G, Jackson P, Taylor DR : Diagnosing asthma : 
comparisons between exhaled nitric oxide measurements 
and conventional tests.  Am J Respir Crit Care Med 169 
: 473-478, 2004
40） Kharitonov SA, Yates DH, Barnes PJ : Inhaled 
glucocorticoids decrease nitric oxide in exhaled air of 
asthmatic patients.  Am J Respir Crit Care Med 153 : 
454-457, 1996
41） Smith AD, Cowan JO, Brassett KP, Herbison GP, Taylor 
DR : Use of exhaled nitric oxide measurements to guide 
treatment in chronic asthma.  N Engl J Med 352 : 2163-
2173, 2005
42） Schedin U, Frostell C, Persson MG, Jakobsson J, 
Andersson G, Gustafsson LE : Contribution from upper 
and lower airways to exhaled endogenous nitric oxide in 
humans.  Acta Anaesthesiol Scand 39 : 327-332, 1995
43） Lindberg S, Cervin A, Runer T : Nitric oxide（NO）
production in the upper airways is decreased in chronic 
sinusitis.  Acta Otolaryngol 117 : 113-117, 1997
50 川　崎　医　学　会　誌
NOS2, NOS3）in the nasal mucosa of allergic rhinitis using allergic model mice.
   Allergic rhinitis was induced in male mice at six weeks of age using purified Japanses 
ceder pollen allergen（Cry j 1）. Cry j 1 was injected three times into the abdomen（days0, 4, 
8）and administered intranasally for 14 consecutive days（day 13-26）. Control mice were 
not done first and second immunology. On day 34, the expression and localization of NOS 
in the nasal mucosa of both the allergic model mice and the control mice were examined by 
immunohistochemistry and Real-time PCR.
   In the control mice, the expression of NOS2 was localized in the olfactory nerve, the nasal 
gland beneath the respiratory epithelium and vascular endothelial cells. In the allergic rhinitis 
group, the expression of NOS2 was not only localized in the olfactory nerve, nasal gland 
and vascular endothelial cells but also in the olfactory epithelium and respiratory epithelium. 
The real time-PCR showed that the expression of NOS2 and NOS3 in the allergic rhinitis 
significantly increased group compared with that in the control mice（p<0.05）.
   NOS2 localization was proven in the control group. In the allergic group, the expression of 
NOS2 increased especially in the olfactory epithelium and respiratory epithelium. The results of 
this study suggested that NOS2 and NOS3 have some relation to allergic rhinitis.
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